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Sumary 193/%
%& This memorandum is an adjunct to Memorandum No. 6 which discusses the
 advantages of féedback telemetry systems over unidirectional telemeiry systems.
The type of feedback system considered here is one iv'here‘ the receiving site commands
the bird to repeat those portions of the transmission which are deeply embedded
in the system noise., Various ways of synchronizing the feed:bagk and direct channels

are considered so that the proper portion of the nessdge i8 repeated and the

receiver can identify the repeated material. /

Discussion

A sa._tellite decision feedback syestem is one where the ground site decides
on the acceptability of the received telemetry signal and then commands, via a
ground-to-vehicle link, the vehicle to continue sénding nevw data or to repeat the
data in whole or in part. There are two ways the ground site can decide on the
g,cceptability of the received signal. The first consists in using error detecting
codes, The second consists of monitoring the signai itseif, for example by ho;:l-
toring signal-to-noise ratio. |

The simplest decision feedback system is a discarding system. In this
case the information contained in the received ambiguous portions of the trans-
mission are discarded and a fresh decision is made on each repeat. |
M_:_ Consider a very gimple PCM feedback telemetry system for a near range
sa.telii:be. In thisrAsin‘mZ;.e system each digit is sent by phase modulating a carrier.
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However, to avoid havin_g ’to gynchronize the decoding of the digits, a digit i'l sent
by sending a burst of an in-phase or out;or-phase carrier, the burst being pre-
ceeded and followed by & no-transmission period. Suppose, for example, the' digit
duration 18 one millisecond and the space intervals are also one millisecond. For
an accurscy of one percent, where seven digit words are required, the data rate

is one suple per fourteen milliseconds.

Consider now the satellite being omly 100 niles above thé ground site,

In 'Elg;ls case the propgltion time between the bird and the ground is about a half
nilluecond. '.[‘his neans that there is sufricient time for the ground aite to
receive a digit, decide if it is acceptable, and transmit this decision back to

the bird before the binrd ﬁénds the next digit, In thil case the decision cm‘%e -
nad.e 09 'Y digit-'by-digit basis (ea.ch digit accepted or rejected depending upon
vhether or not it falls within the null zone) and the repea.ted digit vill imdia.tely
follow the request.

The qbbve system operates ﬁll because the propagwtion time is leds thsn
half the Mtion of ‘the digits. To use such & system at dlgtances of 1,000 miles
would require tha.t the digits be 5 hil.liaec&nds long and the data rtte bc only
one sample per’ '(0 milliseconds., This is Juite a lov data rate, There are two
alternatives. 7

1. The first alternative is based on the obserégfﬁiou that the data rate
18 very low and hence the bandvidth is low. In this case frequency multiplexing
as well as time multiplexing can be used. Thus several telemetry signels can be
lqn;t\ on several dit?q:ént frequency channels,

Example: Consider a satellite 1000 miles above the ground site. The telemetry
léltt‘l c”ohl:l,,l,tl‘ of ten rreqﬁency maltiplexed channels, each channel being similer
te the prcv:lmly described one ; except the digit duration is ten times as long
and the powver durfig 't'rmsnisﬁon of & burst is ten times a4 much. The factor ten
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is arrived at here by multiplying by (10) to a.ccount for the ten-fold increase
in range and then dividing by 10 to e.ccount for the ten-rold increase in pulse
duration. The received energy per digit thus remains the same and hence the
reliability‘ is the same, Moreover, the ten-fold increase in digit duration _ia
compensated by haviné ten chamnels for the same overall bandwidth. Thus the data
rate is the same. The advantage of this system is that, as in,i:xa.mple I, decision
feedback can be applied on a digit-by-digit basis,

2. The second alternative is based on using decision feedback over
geveral digits, | |
Exasiple: Suppose to the seven digits of each word e parity check is e.dded.
This extra digit pemite single error detecting. I each digit has a one milli.
seco.ndv, delay, plus an additional millisecond inter-digit interval, then each word
takes 16 milliseconds, This allove up to 8 milliseconds for ome-vay delay 'i'ox" i;he
i'ee;iback signe‘l° " VWhen allowances are made for processing time and the 1like, a |
realistic maximum range is 20,000 miles. '

In operation the ground site sends a repeat, if required, as soon as
| possible, When the satellite receives the repeat it will be st that instant in
the niddle oi‘ 8 word. The next word t;'ensmitted should be a repeat oi’ the pre-
vious vord. Note that a buffer storage will be required if 'the,,_oriciq;,l' ligul 4
or the i;e,pe caﬁpofﬁ"e interiupted to se?d the repeat, .

i?»\ippose the time delay of the transmitted signal exceeds a word, and the
range is unknown. Then the receiver cannot tell which word is to be i'epeo.t'ed )
unless feedback synchronizatiom pulses are used, Rather than introduce additional
synchronization pulees the frame marker pixlses can be used, In thia caee_ vhen s
repeat is requested the order of word in the frame is indicated as well,
_E_JCERE: Consider 8 digit words (ee'ven digits plus parity check) being sent uling

e ope millisecond digit duration followed by a one millisecond inter-digit duntion.
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If & frame consists of twenty words each frame is about 320 milliseconds long.
Thus time delays up to somewhat less than 160 milliseconds can be tolerated, or
the range can be as great as 800,000 miles,

For still greater ranges the frame synchronizing pulses can be coded to
indicate the order of the frame.

Exsmple:; If alternate frame sync pulses are diatinguiahé.‘ble , ranges up to 1.6
megamiles can be handled. If thex:e are four distinct frame sync pulses, ranges
up to 3.2 -eéaniles can be handled and 80 on.

If desired the particular word in error within the frame can be repeated,
A better method, whith avolds upsetting the synchronizatioh of thé system, is to
repeat the whole frame. This will not greatly lower the information rate, as might
be expected, because whén a drop-out occurs large portions of a frame will be ob-
literated. In this casé the decision to repeat a frame cduld be based on several
words within the fiame being incorrect, or overall frate parity check digits, or
monitoring the signal-to-poise ratio.

The sbove examples represeht feedback synchronidatidn systems vhich are
useful both for satellites and for spacé probes. For's satellite which is in
orbit, one can base thi feedback synchrohizat.ion on theé minimm hnd maximum trans- -
mission times. |
M Congider the case of a satellite in a circular orbit. During an orbital
pass, the rmge £rom the satellite to the ground site varies thereby causing a
variable delay time., The minimum delay occurs when the satellite is at the zenith
and the corresponding delay is determined by its altitude. This minimm delay imposes
no restrictions on the minimum pulse length. For e@le, if the minimum delay
is 2 digit durations, the system can be designed guch that a request for a reie@t
" refers to two digits back. Bowever, as the range increases such that the delay
npproaches 3 digit durations, the system will'fa.il to repeat the proper digit.
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Hence the maximun change of delay is of interest.
The- maximum delay exists when the satellite first appears over the
horizon, It is readily shown that
(R + m)2 =12 + 8 (1)
vhere _ -
R = radlus of the earth
h = satellite altitude

L = maximum range from ground site to
satellite,

The maximum change of range AL 1is simply L-h, Dividing AL by the speed of

light and substituting the appropriate values ylelds

AL

ATa i} = [(1 7927 1/2 1] | (2)

where A'l‘d is the maximum chenge of delay time in milliseconds for a given sa.tellite

altitude h in miles, Equation 2 is plotted in Fig. 1. Since the maximum cha.nge
of delay s bounded, it 1s feasible to communicate with orbiting satellites at any
sltitude with decision feedback,

What these examples indicate is that there are many ways to solve the
réedhack synchronization problems. The best one to use depends on the range,
the data rate, &nd the aigmi_&ocnoise ratio of the system,
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